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ISOLATION PROCEDURE AND OPTIMIZED MEDIA SOLUTION TO 
ENHANCE LONG-TERM SURVIVAL OF CELLS 

5 

Related Applications 

This application claims priority to U.S. Provisional Application No. 60/252,657 

filed on November 22, 2000. 

10 Background of the Invention 

Heart failure is a debilitating clinical syndrome that occurs when the 
heart is unable to pump an adequate supply of blood to meet the metabolic needs of the 
different organs of the body. (Senni, M., et al., Archives of Internal medicine (1999) 
1 59(1) 29-34) Congestive heart failure (CHF) may result from various etiologies such 
1 5 as coronary artery disease, hypertension, diabetes, viral infections, substance abuse or 
heart valve defects, congenital heart diseases, which ultimately affects heart muscle as 
well as from unknown etiologies (idiopathic cardiomyopathy). Visits to a physician s 
office for CHF increased from 1 .7 million in 1980 to 2.9 million in 1993. Heart failure 
is among the most serious health problems facing the U.S. health care system today. 
20 (Senni et al ) CHF affects more than five million Americans today, with approximately 
400 000 new cases reported each year. CHF is a progressive disease and half of the 
patients with CHF die within five years of diagnosis. CHF is now implicated in 
approximately 260,000 deaths each year in the U.S. Between 1979 and 1994, hospital 
discharges for CHF rose from 377,000 to 874,000. (Haldeman, G.A., et al., Am. Heart 
25 J (1999) 137(2)-352-360). More than 65,000 persons with CHF receive home care each 
year. (Haldeman, G.A., et al.). The burden of CHF is expected to get much worse 
because of increasing life spans and a growing aging population and paradoxically as a 
result of a better treatment for myocardial infarction, which reduces early mortality for 
acute events with the result of a concomitant enhancement of the chance of developing 

30 heart failure. . 

Over the past decade considerable progress has been made in the 
treatment of Class I-IH heart failure patients using angiotensin converting enzyme 
inhibitors (ACE-inhibitors) and (3-adrenergic receptor antagonists ((J-blockers). 
(Cleland, J.G. and A. Clark, Am. J. Cardiol. (1999) 83(5B):1 12D-1 19D). ^blockers 
35 appear to offer additional benefit to subjects treated with ACE-inhibitors, but P -blockers 
are not suited for subjects with decompensated or recently decompensated heart failure. 
Treatment of these individuals, which constitute 10-15% of the heart failure population 
at any one time and a much higher cumulative population over the life span of heart 
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failure patients, is limited to admitting them to the hospital or delivering an intravenous 
inotropic agent. Either approach is costly and difficult for the individual patient. For 
these reasons, more effective treatments are needed for advanced heart failure patients, 
particularly those who are too far advanced for p-blocker therapy. 

It is well established that in heart failure and associated cardiac 
hypertrophy, cardiomyocytes respond to the numerous pathologic stimuli by increasing 
in cell size and activating expression of fetal cardiac genes, the so-called "fetal gene 
program," not typically expressed in adult cardiomyocytes. (Force, T. et al., Gene Expr. 
(1999) 7 (4-6):337-48). Although the effects of cardiac hypertrophy and heart failure 
have been extensively documented, the underlying molecular mechanisms that link the 
hypertrophic stimuli delivered to the cardiomyocyte cell to the cell's response in the 
form of changes in gene expression remains to be elucidated. This is especially true 
now that transcript profiling using microarray display can identify genes that are 
differentially expressed in failing versus nonfailing hearts. (Lee, P.S. and K. H. Lee, 
Curr Opin. Biotechnol. (1000) ll(2):171-5; Dutt, M.J. and K.H. Lee, Curr. Opin. 
Biotechnol. (2000) 1 1(2):176-9; van Hal, N.L., et al., J. Biotechnol. (2000) 78(3):271- 
80- Ryu, D.D. and D.H. Nam, Biotechnol. Prog. (2000) 16(1):2-16; Claverie, J.M., 
Hum Mol Genet. (1999) 8(10):1821-32). To elucidate the mechanisms of action of 
these genes, knockout or transgenic mouse models can be used. However, the relevance 
to human disease is always in question with these types of models. Experimental 
models in rodents have significant differences in terms of their subcellular apparatus 
when compared to human cardiac cells. These include differences in calcium regulatory 
and myofibrillar proteins, (Hardings, S.E., et al., Cardioscience (1990) l(l):49-53; del 
Monte F et al., Cardioscience (1993) 4(3):185-91). Therefore, targeting genes in 
experimental models may have significantly different effects than in human cardiac 
cells. (Harding, S.E., et al.; del Monte, F., et al.). 

Animals are used in pre-clinical testing of small molecules and drugs. 
Before submission to regulatory agencies, such as the FDA, Good Laboratory Practices 
must be used to perform animal experimentation. The relatively new field of cardiac 
30 genomics has attempted to identify the factors responsible for the development and 

progression of cardiac dysfunction in patients and animals with heart failure. Using the 
constantly evolving microchip technology, many large and medium sized 
pharmaceutical companies have been working to identify genetic changes in banked 
tissue from animals and patients at various stages of heart failure. A limitation of this 
35 work to date has been its emphasis on a "single point in time" analysis of tissue from a 
given individual or animal with little attention being paid to longitudinal and progressive 
changes in an individual animal or patient or to important inter-species differences that 
may help prioritize in importance the myriad number of genetic modifications that occur 
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in this disease state. Moreover, the majority of the studies that have been performed to 
date have involved the use of tissue obtained from animals or patients with ischemic 
etiologies of heart failure; an increasing amount of evidence is accumulating to suggest 
that non-ischemic cause of heart failure may demonstrate a different pathophysiology 
> which could reasonably be expected to provide a unique pattern of genomic alterations. 

In order to better understand the effects of small molecules, whether 
targeted for the heart or not, the specific signaling and control pathways influencing 
gene expression at the transcriptional and post-transcriptional levels, therapeutic drug 
targeting based on gene profiling should be performed in human and animal 
0 cardiomyocytes. Similarly, in vitro testing for cardiac targeted small molecules and 
gene therapies, specificity, efficacy, and toxicity can best be measured, analyzed, and 
validated in isolated single myocytes. Accordingly, a need exists for reliable and cost- 
effective long-term maintenance of human, as well as animal, cardiomyocytes. 

Challenges involved in cell culture for adult differentiated cardiac 
5 myocytes have been the short durations for culture before de-differentiation and change 
in morphological and function phenotypes occur. Several laboratories have refined the 
cultured adult rat ventricular myocyte model system (Claycomb, W.C. and M.C. 
Palazzo, Dev. Biol. (1980) 80(2):466-82; Eckel, J.G. et al., Am. J. Physiol. (1985) 249(2 
Pt 2):H212-21) over the last 15 years. The few investigators isolating human myocytes 
20 report poor yields and viability as a result of the current isolation procedures and have 
been challenged in the review process about potential selection bias in cells that survive 
the procedure. This state of research necessitates the study of hundreds of cells in order 
to get a better handle on whether the cells reflect global cardiac dysfunction and disease. 
Furthermore, if a sufficient number of cells from the same hearts were available, it 
25 would be possible to conduct studies in multiple laboratories with the sharing of basic 
data and the simultaneous screening of small molecules, drugs, and gene targets. Also, 
by enabling access to multiple investigators, biotechnology and pharmaceutical 
industries, not only can intraobserver variability be addressed, but also interobserver 
variability and reproducibility can be addressed. However, most investigators only 
30 study one to two myocytes per heart. Currently, because of limited access to human 
tissues, investigators in both the academic and commercial industries have not in a 
systematic manner worked to improve their isolation or culturing methods of human 
myocytes. 

The most recent methods for culturing adult rat cardiomyocytes derive 
35 from the well-described methodologies of Ellingsen et al. (Ellingsen, O. et al., Am. J. 
Physiol. (1993) 265(2 Pt 2):H747-54). Cultured myocytes are grown in serum free 
medium with minimal growth factors so that the myocytes appear morphologically to be 
almost identical to freshly dissociated adult rat myocytes. There are subtle changes m 
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the myocyte contractile properties oyer the firs. 3 days in culture. Many releyan, aspects 
2 1 s^ are stable for a, leas, six days. For example, Ellingsen e. al. demonstrated 

a Glance of the alpha and beta MHC isogene mRNA remains constant oyer ergh 
Zs 1 culture in this system. Skeletal alpha actin mRNA abundance decreases by day 
5 eight whereas cardiac alpha actin mRNA levels remain stable. Calc.um channe 
nation (peak 1c, activation and inactivation kinetics) is stable for a, least s« days. 

Z cultured adult myocyte system offers substantial advantages over 
cultured neonatal ra, ventricular myocytes for study of proteins critical to excitatK »_ 
contraction (E-C) coupling and testing of small molecules (e. g . .tag,). Aduh myocytes 
,0 have substantially different E-C properties than neonatal cell, More recently, a 
» to culture adult murine isolated cardiac myocytes while man— g then 
morphological integrity for greater man 3 days was developed by Zhou et al. (Zhou, Y, 
Y Ttal Am. J. Physiol. (2000) 279:429-436). These mvestigators have modrf.ed 
lurren enzymatic methods to rmprove adul, mouse cardiomyocy.es y.e.d and qualtty 
, 5 Z hi deveioped a praCical method for short-.erm culture of these .solated myocytes 
Z retains .heir morphological as „el, as physical integrity. Moreover they 
demonstrated the feasibrlity of adenovirus-mediated ^ »** 
myocytes from both wild-type and genetically engineered mouse hearts. These new 
: « developments provide a se, of powerful tools for acute ^gene e„„ ,n 
20 single cells for phenotyping transgenic or knockout models a, the cellular and 

stellular levefs, and for combining the approaches of whole animal and smgle-cel, 

gene despite these advances in experimental models of cardrac cel. 

culturing, an adequate method for enhancing human cardiomyocyte yeld and cell 
25 maintenance is still lacking, as well as long term mamtenance of antma. myocytes. 

Summary of the Invention . 

The present invention establishes discovery, testmg, analysts, and 
validation platforms for screening gene targets, as well as small molecules, drugs, and 
30 Clfr proof of concept, testing, screening, and toxicologica! study m ^myocytes 
maintained without dedifferentiate for extended periods. The present mvenfon 

ce„ ^ p— ***** 7 ^ - 

L cuhuring media) media conditions for human and an.mal myocytes ,„ order to 
1 long tel survival of myocytes wrthou, de-differenttation and express™ of fetal 
35 gene programs. Accordingly, with the present methods and culture medra, me 

ZZ2 integnty of me cardiac myocyte rs maintained along with .he preservation of 
" ession P ofiles of key regulatory proteins involved in exci,a.ion-co„,rac,,on 
ou 1 „T «her dvantages of the current invention include substantial reductton ,n the 
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need for human heart harvesting, animal sacrifices, and reductions in the costs 
associated with preparing fresh myocytes. Another advantage of the current invention is 
that large numbers of genes , small molecules, and drugs can be screened in cells from 
the same heart. Another advantage of the current invention is the establishment of a 
5 screening platform for discovery, testing, analysis and validation of safety, efficacy, and 
toxicology of agents whether targeted for the myocyte or not. 

The invention features methods for isolating and maintaining, e.g., 
culturing cells, e.g., myocytes. The present invention also features methods for 
enhancing the yield of viable myocytes, long term survival and maintenance, e.g., 

10 culture of isolated cells. 

In one embodiment, the invention features methods of isolating cells, 
e g. cardiomyocytes, including the steps of obtaining a tissue sample from a subject 
e g a vertebrate or non-vertebrate subject, and successively exposing the tissue to a first 
solution with decreasing amounts of CaCl 2 . The first solution further includes NaCl 
1 5 HEPES MgChKCl, and sugar at a P H of approximately 7.4. The present methods also 
include the steps of disassociating the tissue with an enzyme solution and repeatedly 
resuspending the disassociated tissue in a secon d solution with increasing amounts of 
CaCl 2 The second solution further including Earle's modified salt, L-glutamme, 
sodium bicarbonate, sodium pentothenate, creatine, taurine, ascorbic acid, HEPES, fetal 
20 bovine serum, an antibiotic, and a fatty acid, at a pH of approximately 7.4. 

In another embodiment, the invention features methods of isolating cells, 
e g. cardiomyocytes, including the steps of obtaining a tissue sample from a subject, 
e g. a vertebrate or invertebrate subject, and successively exposing the tissue to a first 
solution with decreasing amounts of CaCl 2 at approximately 37°C. The first solution 
25 further includes approximately 140 mM NaCl, approximately 10 mM HEPES, 

approximately 1 mM MgCl 2 , approximately 5.4 mM KC1, and approximately 10 mM 
sugar at a pH of approximately 7.4. With the addition of an enzyme to the first solution, 
the present methods also include the step of disassociating the tissue in this solution to 
form disassociated cells and repeatedly ^suspending the disassociated cells in a^econd 
30 solution withmcreasing amounts of CaCl 2 . The second solution further includes Earle s 
modified salt, L-glutamine, sodium bicarbonate at approximately 1250mg/l, sodium 
pentothenate, creatine at approximately 328 mg/500ml, taurine at approximately 
312mg/500ml, ascorbic acid at approximately 8.8 mg, HEPES at approximately 
2 383g/500ml, fetal bovine serum at approximately 10% v/v, an antibiotic at 
35 approximately 5% v/v, and a fatty acid at approximately 1 uM at a pH of approximately 
7 4 The methods of the present invention also include the steps of incubating the 
isolated cells in a mixture of carbon dioxide and air at approximately 37°C and re- 
suspending the isolated cells approximately every 24 hours in the second solution. 
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In yet another embodiment, the second solution can be used to cultivate 

second solution can be used as maintenance or culture medra for cells, e g., 
OTdi ° myOCyKS ln another embodiment, the invention features methodsof isol« 

? , , Th, first solution includes calcium, salts, magnesium sulfate, pyruvate, 
a firs, solutton. The « ^ acid. With the addition of an enzyme, eg., 

approximately 120mM Nau, a PP e i U cose, approximately 

Mg SO., proximately 5 - p— !y 5 ,JL,o,r,ace,ic 
20 mM taurine, approx.ma e y - HEPES PP ^ ^ ^ 

0 acid, a, a pH of «™T*££ , 2 minutes , bu bbiin g approximate, y 

17^— n« 

™telv 1 2 uM CaCl 2 , approximately 30 uM NaCl, approximately 5.4 mM KC1, 

B 8 -se,approxima,ely 2 0mM~ 

mLo ' apl im tel 5 mM pyruvate, approximate* 20 mM glucose, approx.mate.y 
approlimately ,0 mM HEPES, and 4 UW of a digestive enzyme, and 

30 centra ——nt, the invention features me.ods 

f isolate cells eg cardiomyocytes, including the steps of obtaining a fssue sample 

1 e! a^ertebrate or invertebrate subject, chopping the tissue, an 
from a subject, e.g. n approximatel> _^ 

methods further inemde the ^ ond solution comprising 

100% 0 2 through the solution, incubating the tissue 
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Ca 2+ 50 uM Ca 2+ > , 120 mM NaCl, 5.4 mM KCl 5.4, 5 mM MgSQ 4 , 5 mM pyruvate, 20 
mM gTu^se, 20 mM taurine, approximately 10 mM HEPES, ^f^^ 
enzyme incubating the solution in a third solution comprising SOjtM Ca , 120 mM 
NaCl 5 4 mM KCl 5.4, 5 mM MgS0 4 , 5 mM pyruvate, 20 mM glucose, 20 mM taurine, 
5 approximately 10 mM HEPES, and 400 U/ml of a digestive enzyme, and centnfuging 
the tissue to obtain isolated cells. 

Brief Description of the Figures 

Figure 1 shows recordings from cardiomyocytes isolated from donor 
10 nonfailing heart and from failing heart infected with either Ad.GFP or adenoviral vector 
targeting SERCA2a (Ad.SERCA2a), stimulated at 1 Hz at 3TC. The fiubng ceU had a 
characteristic decrease in contraction and prolonged relaxation along with a prolonged 
Ca 2+ transient. Overexpression of SERC A2a in the failing cardiomyocyte normalized 

these parameters. , 
! 5 Figure 2 is a table, which shows the contraction velocity, relaxation and 

systolic and diastolic Ca 2+ concentrations in human cardiomyocytes froni l a .donor 
nonfailing heart and from failing heart infected with either Ad.GFP or Ad.SERCA2a, 

stimulated at 1 Hz at 37°C. . c ■„,„.„ o 

Figure 3 shows recordings from the same cardiomyocytes as m Figure 2 

20 stimulated at increasing frequencies. The failing cardiomyocyte demonstrates a 
decrease in contraction amplitude and an increase in diastolic tone and Ca . 
Overexpression of SERCA2a restored the frequency-dependent increase m contraction 
amplitude and mitigated an increase in diastolic Ca 2+ and decrease in cell lengthy 

Figure 4 (cell #1) shows intracellular calcium concentration of a freshly 

25 isolated (day 1) adult rat ventricular myocyte. Normal calcium transient and calcium 

distribution are present. f 0 „^„1t 
Figure 5 (cell #2) shows intracellular calcium concentration of an adult 
rat ventricular myocyte after 30 hours in culture (day 2). The cell maintained normal 
intracellular calcium concentrations and distribution. 
,0 Figure 6 (cell #3) is the same as cell #2. The same cell exposed to 

m aintenance conditions has normal calcium transient and calcium distribution is present. 

Figure 7 (cell #4) is the same as cell #2. The same cell exposed to 
maintenance conditions has normal calcium transient and calcium distribution is present. 

Figure 8 (cell #5) shows the intracellular calcium concentration of an 
35 adult rat ventricular myocyte after three days in maintenance media. The cell has 

normal calcium transients and calcium distribution as seen in freshly dissoaated cells. 

Figure 9 (cell #6) is the same as cell #5. The same cell exposed to 
maintenance conditions has normal calcium transient and calcium distribution is present. 
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Figure 10 (cell #7) is the same as cell #5. The same cell exposed to 
maintenance conditions has normal calcium transient and calcium distribution is present. 

Figure 1 1 (cell #8) shows the intracellular calcium concentration ol an 
another adult rat ventricular myocyte after 30 hours in maintenance media). The cell has 
5 normal calcium distribution and intracellular calcium levels. 

Figure 12 (cell #9) shows the intracellular calcium concentration ol 
another adult rat ventricular myocyte after 54 hours in maintenance media. Normal 
intracellular calcium concentration and distribution is maintained. 

Figure 13 (cell #10) is the same as cell #9. Normal intracellular calcium 
10 concentration and distribution is maintained. Repeated recordings for the same cell 
shows that the calcium distribution and concentrations are accurate, furthermore 
cellular homeostasis with regard to calcium is maintained and the cells have not been 
damaged by the addition of the calcium indicator. Calcium is the key intracellular !on in 
excitation-contraction coupling and is a pivotal marker of the intact state, membrane 
1 5 stability, and viability of the cell. 

Detailed Description of the Invention 

The present invention provides methods for isolating and maintaining 
(. g , culturing) cells, e.g., cardiomyocytes, which enhance yield, the long-term survival 
20 ate of the cells and minimize the alterations in the subcellular and structural 

components of the cells. The present invention also provides optimized maintenance 
(e /culture media) for use in maintaining freshly isolated cells, e.g., card.myocytes. 
As used herein, the terms "cardiomyocytes," "cardiac myocytes," "myocytes, and 
"cardiocytes" are used interchangeably and refer to the cells found in heart tissue, e.g. , 
25 ventricular heart tissue. Such cells can be isolated from invertebrates as well as 
vertebrate animals including rats, mammals, non-mammals, fish, Crustacea, avian 
species and humans and non-human primates. 

The methods of the current invention include, for example, a series of 
mechanical steps, which utilize solutions for disassociating the sample of tissue e.g 
30 ventricular tissue, into isolated cells and for .suspending the tissue and elated cells, 
in particular, the solutions used in the current isolation methods contain varying 
amounts of calcium chloride (CaCl 2 ), which have been found useful in enhancing the 
survival rate of acutely isolated cardiomyocytes. 

The method of the present invention is useful in isolating cells, e.g. , 
35 calcium tolerant human cardiac ventricular myocytes which maintain the structura , l and 
functional characteristics of freshly isolated cardiomyocytes over a long period of time, 
e g approximately 72 hours or longer. The methods involve mixing chunks of tissue, 
e g ' heart muscle, in a solution contaimng, approximately 1 ,M calcium, vanous salts, 
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Aft er isolation, the ceUs are maintained in a culture 

u- taurine carnitine, creatinine, insulin, penicillin u 

medium DMEM, ^ ~ present invention can tauter 

senium, and an antibiotic. The culture meet J D . ca leium 
comprise M199 medium without calcium chlond anhy - 

pantothenate. ^-^J^^^^^--- — 

concentration in a cumulate manner ( 
acids or non-essential fatty acids and magnesium ^Mg can ^ ^ ^ 

against calcium overload and calcium paradox. Examp, s f J „ 
present invention include, among others, omega acids . Cells , 

mai„,in tag ceiis,:.,c— ^ 

cardiomyocytes. . methods and media solutions of 

There are many advantages for using the methods 
• t on For example the present invention enhances the yield of viable 
the present invention. For example, p minimi zing the alterations 

, 5 oocytes and extends the survival rate of ^ ^ cardlomyocytes , thereby 
in the subcellular and structural for L following types 

of long-term stud.es. (1) correlation p phenotypes using 

genes/message; (2, elucidation of the ^ „ rlzatio „ of tissue; 

30 molecular, biochemical, *><^^^J ttv ^ factors relating to 
(3) identification of endogenous hgands substrates^ , B 

drug targets; (4) identification °"<>"^^^ — « 
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This invention is further illustrated by the following examples, which 
should not be construed as limiting. The contents of all references, patents and 
published patent apphcations cited throughout this application are hereby mcorporated 

by reference. 

Examples 

Materials and Methods 

^Failing explan.ed hearts are provided through Massachusetts 

Genera. Hospital Heart Transpiration program. Donor hearts are obtained through a 
national procurement agency and flown to the laboratories a, Owathmey Inc. All 
procedures follow federally regulated guidelines. The molecular grade tissue sample 
Lr both diseased and non-diseased hearts are frozen ,n liouid nitrogen or undergo 

esh dissection of myocytes. The frozen tissues are then prepared and preserved for 
XoNA/protetn identification and characterization studies. All info— obtamed 
Stents 1 donors are stored on a computerized database. The fresh — "sed 
to isolate single ventricular cardiomyocy.es (as described below) tha, can be studted 
physiologically <as described below, Cel, shortening and ^ can h 
measured in these cells (del Monte, F, e, al., Card.osc.ence (1993) 4(3).,8 -91 del 
, Monte, F, etal., (1999) Circulation 100(23)-.2308-n). Through adenovtral gene 
transfe specific pathways can be targeted (Harding, S.E., e, al., Card.osc.ence (1990) 
Z -49 J- de, Monte, F, e, a,., Circulation (1999) ,00(23)-.2308-l 1). By exammmg 
, e phenot pe of these human cardiomyocy.es ma, are .ransduced wi,h " 
smah molecules, pharmacological agen.s, and drugs, .he importance of .nd.v.dua, 
5 plways can be evaluated in cardiomyocytes. This allows the eluc.dat.on of s.gnahng 
pathways unique to hear, failure pathogenesis as we., as the screemng of compounds, 
small molecu.es , drugs, elucidation of me signaling and con.ro, ™ 
influencing ce„ function and changes function, .he movement of mtiacellular 

calcium and cell shortening. 

Human ventricular myocardium rs obtained from patients w,(h heart 
failure secondary due ,„, , g ., ischemic hear, disease, dilated cardiomyopathy or end 
tage valvular disease, as well as other etio.og.es, a. the time of tiansplantation. Pa«-« 
permission is ob.ained for a„ samples colleCed a. the time of card,ac .ransp.an.a.,on. 
Tissues received as non-failing hearts from donors can be found no, suable for 
35 .ransplamationfor several reasons, lack of identification of a suitable recp.en, 
bZtiansfusion while in me emergency room, age of donor, need for resuscnation. 
All donations are with family approval. 
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Hearts are handled as if being used for cardiac transplantation. Hearts are 
placed in a cardioplegia solution e.g., Wisconsin Cardioplegia solution packed on ice 
and rushed back to the laboratory (approximately 15 minutes). Samples from all hearts 
are (1) freeze clamped in liquid nitrogen for later mRNA and protein analyses and (2) 
5 with the remainder being placed into to cardioplegia at the site of harvesting for 

isolation of myocytes . Additional samples are freeze clamped in liquid nrtrogen after 
transport to the laboratory and undergo similar analyses. 

Solutions used in the isolation and maintenance of adult Sprague-Dawley 
1 0 (200-250 g) rat ventricular myocytes: 

CultureSohmon^ 
^^^^^ 

bicarbonate, sodium pentothenate, without calcium chloride (anhydrous) and without D- 
15 calcium pentothenate. (Formula # 00-0186DJ, lot # 1082932; Sigma). 
Supplemented with: 
328 mg Creatine 
312 mg Taurine 
8.8 mg Ascorbic Acid 
20 2.383 gHEPES 

10% Fetal Bovine Serum penicillin-streptomycin 

1 Eicosapentaenoic Acid (Polyunsaturated Fatty Acid-PUF A) 



25 



Solution I = Culture Solution . 
^^^.e^^ - Solution I + 100 MM Calcutn XMonde 

^^^or^^s^^^^o, ' + ™> " M Calcium Chlonde 
I^^^T^^ . Solution !B0 + 500 uM C*»» Chlonde 
^^^^^^lAFso^ I + ImM Calcium Chlonde 



30 Tyrode Solution = Solution II 

140mMNaCl 

lOmMHEPES 

1 mM MgCl 2 

5.4 mM KC1 
35 10 mM Glucose 

air Bubbled with 100% 0 2 

Solution IIA = Solution II + 1 mM Solution 
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Solution IIB = Solution II (nominal calcium Tyrode solution) 

j^nlic" = Solution II + 14 mg/100 ml Liberase Blendzyme IV (Collagenase activity 
280 Units/90 mg from Roche Diagnostic Corporation) 
pH 7.40 for all solutions 

Example 1 : Prepaja tignof^^^ ° - f 

Cardiomyocytes from Rat . , XT ^ u url 
^^rTthe following solutions then adjust pH to pH with NaOH or HCl 

and filter with 0.22um filters: 250 ml of solutions IA and 100 ml of each solution IB 
(same as IB0); IB100; IB250; and IB500. 50 ml of each solution IIA, IIB, IIC. 

Surgical kit: Curved 20" scissors (to cut thorax); Sharp 10" scissors (to 
cut heart tissue); Curved small forceps (to take heart and attach it on needle); Hemostat 
to hold rat skin; Alligator to hold the heart by the aorta on needle for perfusion with 
thread (2:0). 

! 5 Animal: Sprague-Dawley adult rat . 

Procedure: Inject 1 ml of sodium heparin (1000 units/ml) i.p. and wait 
10-15 minutes. Anesthetize the rat with 30-40 mg pentobarbital sodium injection, i.p. 
(50mg/ml) Cut from the sternum a V-shape and remove the skin to expose the-heart. 
Hold the skin with a hemostat. Cut the heart from beneath at the level of the aorta 
20 (make sure to take as much aorta as possible with the heart). Quickly hang the heart 
with the aorta on the 16 Gl needle of the perfusion system using the alligator clamp 
and tighten with a double knot thread (2:0). Perfusion is set at 5 ml/min with a 
monitored temperature of 36°C-37°C. It is very important to make sure that the 
coronaries are perfused by placing the needle-tip 2-3 mm away from the aortic valve. 
25 First perfuse with solution IIA (l_rnM CaClrTyrode) for 3 minutes. 

Second perfuse with solution IIB (OjrM CaCl^rode) for 5 minutes (heart should 
stop beating). Third, perfuse 7-8 minutes with solution IIC (enzymatic solution). The 
heart should become red-orange in color and swollen in size with loosened texture. 
Fourth, washout the enzymatic solution by perfusing with solution IIB again for 5 
30 minutes. Cut the ventricles out and place in solution IIB and cut into small pieces of 
tissue in a suspension. Gently, triturate the suspension solution for better cellular 
dispersement. Filter the suspension through a nylon mesh (400um) take the filtrate, 
which contains the freshly dissociated ventricular cells. Let cells sediment (by gravity 
only) for 10 minutes and then discard supernatant. Repeat this step. Resuspend the cell 
35 pellets in solution IIB (which is the same a*lB0)>r 10 minutes, then discard 

supernatant. Suspend cell pellet in solution IB100 for 10 minutes and then discard 
supernatant. Suspend cell pellet in solution IB250 for 10 minutes and then discard 
supernatant. Suspend cell pellet in solution IB500 for 10 minutes and then discard 
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supernatant. Suspend cell pellet in solution I A (culture solution) ^^^^J^^^ ^ 
, a-u p, lt mltured cells inside a water-jacketed incubator (5% C0 2 and ^ /» 

::r,"t Re^i." :iu ^ ^ w ** *. — ^ * 

^ , . r . ap/m These cells were not treated with any 

to the above procedure are shown in Figures 4-13. These 
antagonist or agonist and some (15%) exhibit spontaneous contraction. 

Figure 4 (ceil #1) shows intracellular calcium concentration of a freshly 
isolated (day 1) adult ra, ventricular myocyte. Caicium imaging data as measured using 
0 71 ^ Xm> The cell has normal expected calcium distribution and « nation • 
m the cytoso, and intracellular organelles is as expected in a hea thy ce , 
Figure 5 (cell #2) shows intracellular calcium concentration of an adult 
« ventricular myocyte after 30 hours in cuhure. Calcium imaging data again shows 
normal distribution intraceHular.y of calcum as measured usmg Fura-11 (5uM). 
1 5 shows that cellular integrity is maintained. 

Figure 6 (cell #3) is the same as cell #2. Calcium imaging data as 
measured usmg Fura-11 (5uM) (data not shown) shows. Normal distribute of 
intracellular calcium is confirmed by repeated imaging of the same cell. 

Figure 7 (cell #4) is the same as cell #2. Calcium imaging data as 
20 measured using Fura-II (SpM) (data not shown) shows normal distribution of 
intracellular calcium is confirmed by repeated imaging of the same cell. 

Figure 8 (cell #5) shows the intracellular calcium concentration of an 
adult rat ventricuiar myocyte after 54 hours in culture (day 3). Calcium imaging data as 
measured using Fura-11 (5uM) (data not shown) shows normal distnbu Uon of 
25 intracellular calcium is confirmed by repeated imaging of the same cell. 

Figure 9 (cell #6) is the same as cell #5. Calcium imaging data as 
, • t? Tw^.MWdata not shown) shows that the accuracy of the initial 

Figure 10 (cell #7) is the same as cell #5. Calcium imagmg data as 
™ measured using Fura-11 (5uM) (data not shown) shows normal distribuuon of 

°Z^Z elium is confirmed by repeated imaging of the same ce„. Also, calcum 
ima 2 in K documents that the cells are quiescent with normal structure. 

Figure 1 1 (cell #8) shows the intracellular calcium concentration of an 
adul, ra, ventricular myocyte after 30 hours ,n media (day 2). Calcium imaging data as 
35 — using Fura-U (5uM, (data no, shown) shows tha, mis cel, ,s spontaneously 
contracting as evidenced by a shift in the calcium distribution. 

Figure .2 (cell #9) shows the intracellular calcium concentration of an 
adu.t ra. ventricular myocyte after 54 hours in culture. Calcium imaging data as 
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measured using Fura-II (5pM) (data not shown) shows that thrs cell ,s spontaneously 
contracting as evidenced by a shift in the calcium distribute. 

Figure 1 3 (cell * 1 0) is the same as cell #9. Calcium imagmg data as 
measured using Fura-II (5uM). This image shows that the quiescent cell has normal 

5 intracellular calcium distribution. 



[Calcium]i (nM) 



Normal quiescent cells 



Contracting cells 



Day 1 



22.27 



Day 2 



37.58±9.47 



95.21 



Day 3 



15.50±3.77 



134.39±16.30 



Mean ± SEM 



25.93±5.71 



121.33±16.10 



10 



15 



20 



25 



These data show that calcium tolerant ventricular myocytes from adult 
rats can be maintained for extended periods using our isolation procedures and 
m aintenance (..* , culture) media. The intracellular calcium measurements show that 
these cells have a steady and controlled calcium level throughout the time of 
maintenance and culture. The few cells that show higher intracellular caloum 
Icentrations display spontaneous contract, This indicates that 
cells, contracting ones have their resting potential closer to the activatic >n tl.esho d 
sodium or calcium channels (more depolarized). Thus, these cells are at a highe 
excitability level. In support of this, contracting cells show a lugher basal level for 
nt^lar calcium than orescent ones. This demonstrates that the cells are ^act and 
exhibit normal excitation-contraction coupling. Accordingly, the presently 
cell isolation and maintenance/culture methods yield quiescent calcium-tolerant 
ventricular myocytes that can stably survive for at least 3 days. 

Example 2l Isoktion/M^^ . , f 

Exampje^ ^^^^ ventncular free wall 

and quickly chopped into chunks of approximately 1 mm 3 using an array of razor blades. 
The chunkl are incubated for 12 minutes, while shaking at 37°C m 25 ml of ^a so u, 
containing 1-2 uM calcium (LC) of the following composition in mM- NaCl 120, KC1 

conrami g_ ^ HEPES 10; and nitnlotriacetic acid 5, 

5 4- MgS0 4 5; pyruvate 5; glucose 20, taurine 2U, ntrco , 
pH 6 96 The medium rs changed several (-3) times during the twelve mmutes. The 
chunks are stirred by bubbling with 100% O, After removal of the LC med.um by 
Talg with 300 urn gauze, the chunks are incubated a, 37°C for 45 mmutes m the 
an v solution with nitrilotriacetic acid omrtted and 4 U/m, of type XX.V protease and 
30 pM calcium added, followed by two 45 minutes period with the protease om ,tted and 
^IwS^oTTaWe added. The medium is shaken under an atmosphere of 100/. O, 
At the end of the second and third 45 minute periods the solution contammg the 
35 Versed cells is filtered through a 300 pm gauze and centrifugated a, 40 g for U2 mm. 



30 



- 15 - 



:orney Docket No: JGT-004 



10 



After isolation, the cells are washed in the same medium containing^ 
^ uma ndre^^ 

^edra^DMEMwithmeadditionof02gBSA,0.1mMascorbica 
16 mM carnitine, 50 mM creatine, 0.1 uM insulin, 50 units/ml pemcuhn G sodlum ' 50 
Lgl streptomycin sulfate. Culture media can also compnse DMEM medium without 
calcium chloride anhydrous and D-calcium pantothenate. Sodium pantothenate 
substituted can be used in order to increase the calcium concentrate m a cumulate 
manner to reduce calcium intolerance. 

Omega 3 fatty acids have been shown by Kang & Leaf (Kang, J.X. and 
A Leaf, Circulation (1996) 94(7): 1774-80) to protect against calcium overload and 
calcium paradox. Therefore, the culture media can also comprise omega fatty acids, 
such as, docosaheanoic acid, eicosapentaenoic acid, eicosatetrayno 1C add, or 

polyunsaturated fatty acid. 

Magnesium (Mg + ) is also known to be protective against calcium 

overload and has been shown to be beneficial in failing ^ ^^^^^ 
R H et al Am. Heart J. (1993) 126(4): 101 8-21; Schwinger, R.H., et al., J. Pharmacol. 
Exp'lher.' (1992) 263(3):1352-9). Therefore, the culture media can compose varying 

concentrations of Mg 2+ , e.g., from 0.1 to 16 mM. 

Isolated myocardiocytes resuspended in culture medium are infected with 
, adenovirus at a multiplicity of infection (MOI) of 100 and incubated at 37°C under an 
a^osphere of 95% C,-5°/oCC, for 24 hrs or longer (as described below) for ,„ v„o cell 
maintenance studies. 
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Example 3: Viability of the Cells 

in^eTtole^r^ate that the cells are functionally intact and that 

calcium mobilization is not altered as a result of a change in the phenotype of the cells 
during cell maintenance, .unification of the intracellular calctum an shortening in 
freshly isolated myocytes is compared with cells maintained for 24, 48 72 hours. The 
[laclllular calcium determinations are particularly important as heart failure has been 

shown to significantly induce changes in key calcium regulatory proteins. 

Cell shortening and calcium measurements: The isolated cells in 

suspension are loaded with the fluorescent indicator Fura 2AM (Molecular Probes) at a 

concentration of 2 uM. „ A w • i *a a 

A drop of the cell suspension loaded with Fura 2AM is placed in a 

chamber on the stage of an inverted microscope. The cells are 

Krebs-Henseleit (K-H) solution containing 1.3 mM calcium equilibrated with 95/b 0 2 
"an war! to 32°C. The cells are electrically field stimulated with a phasic 
pu^e at 0.2 Hz, 50% above threshold through platinum electrodes placed along the side 
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of the bath The con.rac.ion amplitude and the rate of con.rae.ion and relaxation > m 
— using a video edge de,=c,ion sys,em and data — ~ ~ ^ 
Optix). T*e system uses a special* modified t0 

the length at each 240* of a second. 

ln ,racellular calcium is ™d m the Fu, ^ AVU ^ 

spec.rofluorome.er (e.g., Ion Optix). every 



image. 



SnapFroZfji^ralesfrojnJteS^^ 

20 '^ a »* S '% re ^ [ ^^ !!! ^e n ^ Left ventricular myocardial tissues 
• "^^Ti^osenization^fieT^vith the following compos.tion (in 
chilled ,n ,ce cold (4 , 4 ^ homoge „ate (membrane) is spun 
m mo./l): sucrose 300, supemaMt is flltere d thr ough four 

at 8,000 rpm (Beckman JA 20) for 20 mm. P ^ 

• ^^P^uffered phosphateWftrfeH7.4) with protease inhibitors 
is homogenized in a HEPES but.erea p V so lubilized in a 

and DTT added .o preserve protein integn.y. Cardiac sarnp^s »*» * 
2% SDS solution with the protein content measured using the BCA method, b 

35 SDS PAGE is performed in a cold room. Five to 15% SDS gels are employed as 
35 SDS-PAOE » p ( inKrest protejns ^ transferred (0 membranes 

antibodies for SERCA2a, RYR-2, Phospholamban, Calsequestnn, DHf 
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blots are then bloeked w.th BSA and proo computer 

^2^^^^ at the tune 

cellular RNA is isolated from snap frozen LV v b^ry), as 

of harvests and the additional and longer using the 

well as from cells that have been cultured fo 24 48, 72 hours J 
stand ard guanidinium thiocyanate/phenol/chloro ^"^^ „ 
5 RNA concentration is de.erm.ned * ^»^™^J^ r m J s . RNA 
suspended i„ RNAase free ftO and stored a, -80 C m . fu ^ 

samples is measured by agarose gei c v scann ine and analysis. 

Hybridization with *P labeled probes, <- « 

; „ 1SS RNA and GAPDH mRNA serves as a J*^^,^ by Western 
t . tn mRNA C oding for the same proteins whose levels arc 

^ -e ■„ order to analyze the relation, if any, between g e„e 

expression and protein levels. 

j Characterization ofReaHnbma^^ 
25 Exam £ le^ L __Construc^ 

» deletedadenovir^^^ 

ex cep, the El genes and par, of the ^^^^L protein, 
Laboratory) with the shuttle vector, P^^""^, a , ong wi , h the cDNA of 
GFP, under the control of the CMV promoter and*e om«e r g 
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compared to E1-E4 deleted adenoviruses. n u a 

T ^ sss ^ Imsm Z S. ce f ^ cardiac gene 

Hmitation for *. vivo cardiac gene transfer, a t,ssue-s p«fc ^ 2v) gme 
transfer, namely the 250 bp fragment of the myos, nW* - < ^ 
wWc „ is known to be expressed in a <"" f ~^ ment of the M LC-2v 
is US ed. An adenovirus is constructed «~ ^l™*- fragm e„, 
promoter as we,, as a ^—^^ ( ^ ..xMLCv.Luc and 
controlling the expresston of the reporte g 

Ad .4xMLC-2v.Luc). As a posmve co «^ d ™ A promote ,,ess 

con.rol.ed by a CMV promoter ,s constructed (AdCMV . £ 

the left venmcular wall of raK as w ^ mcKase . 

A d.lxMLC.Lue shows ^*»* } md has 24 . 4 % activity compared to 

p<0.00001) in vivo as compared to Ad.0.Lu ^ » _ on to 

Ad.CMV.Luc infected ventricles, ^ ^^^t) b u. showed stgnificantly 

AdenovtaHnfe<2!2!il The effic,enc ' M tte for p . ga l and 

TTTTrMV Baal GFP which has a dual cassene rui y 6 

25 evaluated in myocytes using Ad.CMV«al. adenov irus 

0FP under the control of separate CMV promote^ The r po ^ 
A d.CMV. P gal.GFP ,s added a, a te '^val of the 

cardiomyocytes at 37 C. Twenty , fol 5 min at room temperature. 

AdBga., the myocytes are ^ZiTCin PBS Laming 1 .0 mg/ml 5-bromo-4- 
The cells are then stained overnight a, 37 C n , , ^ 

chloro-3-indoly, ^f^^^^L realn, cells that stain blue 
potassium ferrocyan.de and 1 _mN MgCt ^ c e 

express the B-galactosidase The effi .en^ ^ approximately 

35 number of blue-staining per hi ^ ^ 

a virus concentration of 10 plaque forming un.ts/cell wUh 
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.nfectedwttthreeconcen^ofteatoo ^ ^ 

50 , ana >00 pfu/ce,! in ^^^^^ th e morphology <* — 
either Ad.RSV.pgal or Ad.RSV.bbKUA 
5 CdlS ' Affects on (l)ceU morphology and structure, (2) conrraetiU^ (3) 

10 Carfiomv^es^^ caldiomyocy ,es are infected with adenoviral 

Human venmcular adult cardiom, y cardiomyocvte s show 

veetor compnsmg a green fluorescent P'°«'^° ^ diomyocyt es isolated from the 

I„ order to obtain the target !»«*. DMEM cu , tu re medium 

^ „t OA h declining to about 50 /o at ton. 
are well preserved at 24 h, declining in f ec tion and 

Rod-shaped — ^ - " ^ ATPaSS 

expression of the reporter gene » of the myocytes. 

(SERCA2a), with preservatton of the ° nt ™* fluoiescent prot ein (GFP) 

Application of adenovirus contaunng the of (he viable c ells 

demonstrates efficient mfection of the myocytes, w„h up 
expressing protein at 24 hour. 

S5Sii^»^S in terms of contraction 
amplirude, ,ime-.o-peak contraction (TTP), ™ \ exUace „ u , ar Ca " 

Ca~ concentration. S ERCA2a show that it is possible 
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■ oPFP and a failing myocyte overexpressing SERCA2a. As 
my ocyte overexposing ^^J J isolated from donor nonfiling heart 
seen in Figure 1, recordings from car omy ^ y compared a§ 

SERCA2a in failing cardiomyocyte normalized these param 

stimulated a, increasing frequences. Fa,l ^ * Qverexpression of 

contraction amplitude and an " " amp li,„de and 

Circulation (1999) 100(23):2308-11). 
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scope of the following claims. 



